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The  work  under  this  contract  had  as  its  goal  the  time-dependent  phenoneno logical 
modeling  of  the  polar  cap  regions.  The  vehicle  for  sodding  the  caps  has  been 
to  analyze  the  following  collection  of  data:  DMSP  images  showing  polar  cap 
auroras:  DMSP  electron  measurements;  hourly  averages  of  the  Interplanetary 
magnetic  field;  ground  magnetometer  data  froa  Thule;  and  magnetic  indices. 

DMSP  images  froa  the  winters  of  1972-1973  and  1974-1975  provided  consistently  a 
good  records  of  the  northern  polar  cap  region  and  were  used  as  the  primary  ■ 
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basis  of  Che  study.  The  DMSP  images  for  these  periods  were  traced  and 
grldded  In  corrected  geomagnetic  coordinates  and  local  geomagnetic  time. 

The  subset  of  cases  for  which  auroras  occur  at  above  80  degrees  corrected 
geomagnetic  latitude  was  Identified  and  further  categorised  by  local  time 
Interval  of  occurrence  (morning,  midnight,  evening  sectors).  The  occurrence 
of  extremely  high  latitude  aurora  in  each  category  was  correlated  with 
magnetic  Indices,  magnetometer  response  at  Thule,  and  solar  wind  parameters. 
The  correlation  of  cap  size  as  determined  by  poleward  auroral  boundaries, 
and  the  time  variation  of  these  with  the  above  parameters  was  also  made. 
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ABSTRACT 

In  addition  to  weather  monitoring  devices,  the  DHSP  satellites 
currently  have  on  board  auroral  Imaging  devices,  precipitating  elec¬ 
tron  detectors,  and  thermal  plasma  analyzers.  Together  these  provide 
a  strong  tool  for  analyzing  the  high  latitude  near  Earth,  magneto- 
spheric  environment.  The  Program  Is  planned  to  continue  Into  the 
1980s. 

The  precipitating  electrons  are  measured  In  16  energy  channels 
spanning  an  energy  range  of  SOeV  to  20keV.  The  data  are  routinely 
processed  at  the  Air  Force  Geophysics  Laboratories  and  have  the  poten¬ 
tial  of  providing  real-time  monitoring  of  auroral  activity  through 
oval  boundary  measurements. 

To  facilitate  the  use  of  these  data  and  to  examine  the  feasi¬ 
bility  of  making  consistent,  reliable  boundary  measurements  this  report 
has  been  prepared.  It  contains  the  following:  1)  A  general  descrip¬ 
tion  of  the  DKSP-F2  orbit.  Its  variations  In  universal  time  and 
season,  and  the  pertinence  of  these  variations  to  boundary  measure¬ 
ments.  2)  A  description  of  the  SSJ/3  package,  one  of  which  Is  built 
for  each  of  four  DHSP  satellites  and  the  results  of  calibrating  two  of 
the  Instrunents.  3)  A  discussion  of  the  way  the  data  Is  processed 
at  the  Air  Force  Geophysics  Laboratories;  4)  A  comparison  of  Northpole 
-  Southpole  passes  during  a  magnetospherlcal ly  quiet  period  and  during 
an  active  period,  and  a  discussion  of  the  general  features  of  the 
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The  Defense  Meteorological  Satellite  Program  (DMSP)  of  the  U.S.  Air  Force 
Is  now  projected  to  continue  well  Into  the  1980s.  The  Program  calls  for  two 
satellites  to  be  In  polar  orbit  at  all  times:  one  In  the  dawn-dusk  meridian  and 
one  In  the  noon-midnight  meridian.  Depending  on  launch  dates  and  system  lifetimes 
there  can  be  as  many  as  three  or  as  few  as  one  satellite  In  operation  at  a  given 
time.  The  Program  Is  principally  devoted  to  weather  monitoring  but  radiometers 
operating  over  darkened  areas  produce  the  now  familiar  Images  of  the  auroral 
regions.  These  Images  provided  the  first  extended  views  of  auroral  phenomena, 
and  are  available  from  1971  to  the  present. 

Since  1974,  low-energy  electron  analyzers  have  been  placed  on  dawn-dusk 
satellites  In  the  Program.  The  satellites  are  non-spinning  and  the  detectors  are 
positioned  to  measure  precipitating  electrons.  The  original  electrostatic 
analysers  measured  electrons  In  six  channels  from  .2  to  20  keV.  Since  July, 

1977,  with  the  launch  of  DMSP-F2,  these  have  been  replaced  by  a  set  of  two 
electrostatic  analyzers  on  board  covering  the  range  50  eV  to  20  keV  In  16  energy 
channels.  An  Identical  package  was  also  flown  on  the  F-3  satellite  and  additional 
Instrwents  will  be  on  DMSP  F4  and  F5  (dawn-dusk  and  noon-midnight  orbits)  which 
have  yet  to  be  launched.  Nlth  DMSP  F6,  F7  and  F8  additional  electrostatic 
analyzers  will  be  Included  to  measure  the  flux  of  precipitating  protons.  Together 
with  the  Imaging  devices  the  Improved  measurements  of  precipitating  electrons 
will  continue  to  give  this  Program  a  central  place  In  the  continuing  understanding 
of  auroral  and  polar  cap  phenomena,  and  their  relation  to  magnetospherlc  dynamics. 

The  spatial  extent  and  small-scale  resolution  of  the  DMSP  images  has  greatly 
Increased  the  accuracy  with  »rf»1ch  large  nunbers  of  researchers  can  visualize 
auroral  activity.  One  now  commonly  makes  reference  to  an  "Instantaneous"  auroral 


oval  since  large  portions  of  the  auroral  zone  can  often  be  seen  on  a  single 
OMSP  Image.  Because  of  the  considerable  Influence  of  the  Images  on  auroral 
research  and  because  they  continue  to  be  routinely  made,  considerable  effort 
has  gone  Into  the  calibration  of  the  sensitivity  of  the  Images  to  Incorporate 
them  accurately  Into  the  body  of  other  past  and  future  auroral  measurements. 
(Mlzera,  et  al.  1975;  Mende  and  Eather,  1976;  Eather,  to  be  published).  For 
similar  reasons  we  have  prepared  this  report  on  the  currrent  and  projected 
precipitating  electron  measurements  made  by  DMSP.  These  data  are  available 
In  raw  count  form  from  the  World  Data  Center.  In  addition,  all  the  data  Is 
processed  In  the  manner  we  report  here  at  the  Air  Force  Geophysics  Laboratory. 

It  should  also  be  noted  that  the  auroral  visual  and  particle  data  from 
DMSP  may  be  supplemented  with  simultaneous  measurements  of  the  Ionospheric 
thermal  plasma  by  the  SSIE  Instrument,  (Smlddy,  et  al . ,  1978).  This  Instrument 
was  designed  to  measure  the  mass,  density  and  temperature  of  the  thermal  Ions 
as  well  as  the  density  and  temperature  of  the  thermal  electrons.  Outputs 
are  used  by  Air  Weather  Service  to  provide  F  region  scale  heights  for  global 
Ionospheric  modelling.  Obviously,  comparisons  of  simultaneous  SSIE  and  SSJ/3 
measurements  can  be  exploited  to  provide  unique  Information  for  modelling 
the  dynamic  response  of  the  Ionosphere  to  directly  measured  Inputs  from 
energetic  particles. 

The  current  measurements  of  precipitating  electrons  appear  to  be  of  such 
consistently  high  quality  that  their  use  to  monitor  the  auroral  regions  on  a 
real  time  basis  is  an  obvious  and  Important  use  of  the  data,  particularly 
with  the  long  time  delay  before  A-Indlces  are  available.  For  this  reason  we 
will  focus  on  the  problems  of  obtaining  consistent,  meaningful  auroral  boundaries 
from  the  data.  The  quantity  of  data  also  makes  possible  accurate  statistical 
surveys  of  particular  features  of  auroral  activity  and  their  relation  to 
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Interplanetary  and  magnetospherlc  conditions.  Earlier  DMSP  electron  data  has 
been  used  by  Meng  et  al . .  (1977)  and  Meng  and  Kroeh)  (1977)  to  show  correlations 
between  the  direction  of  the  Interplanetary  magnetic  field  and  differences  In 
fluxes  both  between  polar  caps  and  dawn  to  dusk  In  a  single  cap.  (See  also 
the  review  by  Nlzera  and  Fennell  (1978)  for  contributions  from  the  Isis 
satellites). 

Other  detectors  on  spinning  satellites  have  necessarily  sacrificed  time 
resolution  for  pitch  angle  distributions.  ONSP  satellites  since  they  are  non¬ 
spinning,  have  excellent  time  resolution,  but  no  resolution  In  pitch  angle. 

The  DMSP  satellite  data  can  provide,  therefore,  an  extension  to  the  many 
Interesting  types  of  events  recorded  by  other  satellites,  such  as  the  Intense 
keV  fluxes  In  the  caps  reported  by  Foster  and  Burrows  (1976)  to  occur  after 
major  storms.  Additionally,  any  case  study  of  events  In  the  magnetosphere 
can  have  as  an  additional  environmental  Input  the  state  of  the  auroral  and 
cap  regions  as  determined  by  the  DMSP  Images  and  the  precipitating  electrons. 

This  report,  then,  contains  the  following: 

1.  A  general  description  of  the  DMSP-F2  orbit:  the  currently  orbiting 
satellite. 

2.  A  description  of  the  SSJ/3  package,  one  of  which  Is  built  for  each  of 
the  F2,  F3,  F4,  F5  satellites;  and  the  results  of  calibrating  the  last 

tw>  Instrunents.  TF  .  calibrations  are  compared  to  the  pr  ylous  calibrations 
of  the  first  two  Instrunents. 

3.  A  discussion  of  the  way  the  data  Is  processed  at  the  Air  Force 
Geophysics  Laboratories. 

4.  A  comparison  of  North  pole- South  pole  passes  during  a  magnetospherlcally 
quiet  period  and  during  an  active  period;  and  a  discussion  of  the  general 
features  of  the  electron  precipitation  particularly  for  the  purpose  of  determining 
auroral  boundaries. 
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1.  The  DHSP-F2  Orbit. 

DMSP-F2  was  launched  Into  a  circular  polar  orbit  in  July,  1977.  The 
orbit  has  an  Inclination  of  99a,  an  altitude  of  830  km  and  a  period  of  101 
min.  It  Is  sun- synchronous  and  remains  throughout  its  lifetime  at  the  same 
Inclination  of  9*  from  the  geographic  poles  and  In  the  dawn  to  dusk  plane. 
Since  the  magnetic  poles  rotate  about  the  geographic  poles,  the  F2  orbit 
changes  systematically  In  geomagnetic  coordinates  throughout  a  24-hour  period 
Summaries  of  the  satellite  paths  over  the  north  and  south  polar  regions 
throughout  Day  59,  1978  (Feb  28)  are  given  In  Figures  1  and  2.  The  South 
polar  plots  are  similar  to  those  given  by  Candidl  et  al..  (1978).  The  paths 


have  been  projected  along  magnetic  field  lines  to  100  km  using  a  Jensen-Caln 
model  of  tne  magnetic  field;  and  the  corrected  geomagnetic  latitudes  of  the 
projections  are  plotted  as  a  function  of  magnetic  local  time.  The  paths  are 
drawn  across  the  magnetic  latitude  Interval  70*-90*  for  both  poles.  Each 
line  represents  the  path  for  the  approximate  UT  listed  at  the  side,  starting 
at  the  beginning  of  the  day.  The  areas  of  cross-hatching  represent  a  group 
of  paths  for  the  time  Interval  listed. 

For  a  broad  time  Interval  (  -  0:00  -  11:00  UT)  the  subsatellite  path 
falls  across  the  polar  cap  In  both  polar  regions,  varying  In  geomagnetic 
local  time  from  1800  -  2100  at  70°  in  the  evening  (dusk),  and  5:30  -  8:30  at 
70*  In  ihe  morning  (dawn).  For  universal  times  greater  than  11:00  UT  the 
north  polar  satellite  path  will  not  reach  geomagnetic  latitudes  greater  than 
80*  and  will  lie  at  latitudes,  for  the  most  part.  In  the  midnight  sector 
"Instantaneous"  oval.  The  same  Is  true  for  the  south  polar  region  except 
that  satellite  paths  for  times  greater  than  11:00  UT  are  In  the  midday  sector 
at  cusp  latitudes  and  below. 


The  satellite  orbits  are  constant  In  UT  over  the  life  of  the  satellite 
In  geographic  and,  therefore,  geomagnetic  coordinates.  However,  since  we 
are  Interested  In  the  orbit  description  In  geomagnetic  latitude  and  magnetic 
local  time  there  will  be  a  seasonal  rotation  of  the  orbits  because  of  the 
seasonal  dependence  of  magnetic  local  time.  (See  Whalen,  1970).  Figure  3 
shows  the  rotation  for  Winter,  Spring,  Summer  and  Fall  seasons.  The  maximum 
rotation  Is  approximately  40  minutes.  The  polar  cap  coverage  remains 
essentially  the  same  throughout  the  satellite  lifetime. 

The  dawn-dusk  series  of  DHSP  satellites  appear  to  be  particularly  useful 
satellites  to  determine  auroral  boundaries  since  two  equatorward  boundaries 
are  crossed  In  a  given  pole  every  100  minutes.  However,  equatorward  boundaries, 
even  for  a  given  magnetic  activity  are  known  to  be  asynmetrlc  In  local  time. 

(See  Appendix  I  to  this  Report).  In  fact,  Meng  (1977)  and  Rossberg  (1978) 
find  that  for  quiet  times  the  best  representation  of  the  auroral  oval  Is  a 
circle  whose  center  Is  offset  from  the  magnetic  pole  toward  the  midnight 
sector  by  about  4*.  This  asymmetry  will  lead  to  a  universal  time  variation 
In  boundary  measurements  even  though  there  Is,  In  fact,  no  change  In  the  oval. 

To  show  this  we  superimposed  In  Figure  4  an  offset  circle,  offset  by  4#  toward 
midnight,  of  radius  20°  on  a  north  polar  cap  with  the  DMSP-F2  orbits  of  Figure 
1.  The  Intersections  of  the  paths  with  the  offset  circle  will  constitute  the 
equatorward  edge  of  the  oval.  These  positions  are  plotted  In  Figures  5  and  6 
for  dawn  and  dusk  boundaries.  The  circles  connected  with  a  line  are  for  the 
north  pole;  the  triangles  are  for  similar  positions  In  the  south  pole.  There 
Is,  of  course,  a  variation  In  equatorward  edge  of  nearly  4*  since  most  of 
the  offset  will  be  realized  In  the  dawn  and  dusk  regions. 

Thus,  it  cannot  be  too  firmly  stressed,  that  any  attempt  to  use  DMSP 
Satellite  auroral  boundaries  (or  those  from  any  other  satellite,  for  that 
matter)  to  determine  the  state  of  the  high  latitude  regions,  must,  for  any 
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kind  of  consistency,  take  Into  account  the  local  time  variation  of  the  oval 
boundaries  for  given  magnetic  activities. 

2.  Description  of  the  Experiment  and  Calibration  Results. 

The  first  four  SSJ/3  detectors  to  be  flown  on  the  F2,  F3,  F4  and  F5  satellites 
are  identical  in  design.  They  are  built  to  measure  the  flux  of  electrons  incident 
to  the  spacecraft  In  16  energy  bins  spanning  in  energy  from  50eV  to  20,000eV. 

This  is  accomplished  using  two  sets  of  curved  plates  that  are  sequenced  through 
8  voltage  levels  in  tandem  each  second.  The  detector  dwells  for  a  period  of  98 
milliseconds  In  each  channel  with  2  milliseconds  being  left  between  steps  to 
stabilize  the  voltage.  The  plates  sequence  from  high  voltage  to  low  and  after 
the  8th  level  the  detector  holds  for  200  milliseconds  before  restarting  the 
sequence. 

The  DMSP  satellites  are  non-spinning.  The  SSJ/3  sensors  are  mounted  on  the 
satellite  such  that  their  look  direction  is  oriented  radially  outward  from  the 
earth  at  all  times.  The  total  package  weighs  3.046  lbs  and  consunes  .125  watts 
of  power. 

The  first  two  detectors  were  calibrated  using  Monte  Carlo  techniques  and  limited 
analysis  with  a  beam  system.  This  work  has  been  reported  on  previously  (Huber 
et  al. .  1977).  The  third  and  forth  detectors(on  F4  and  F5)  were  calibrated 
using  an  electron  beam  system  at  Rice  University  in  Houston,  Texas.  We  report 
here  the  calibration  results  of  the  third  and  fourth  detectors  even  though  the 
geometric  factors  obtained  by  Huber  are  used  In  the  data  reduction  for  F2  currently 
in  orbit.  We  feel  that  comparison  of  the  earlier  calibration  results  with  the 
more  extensive  method  used  here  will  at  least  verify  to  a  specified  accuracy 
the  earlier  cal ibrations,  if  not  make  possible  corrections  to  the  geometric 
factors  now  used. 
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The  electron  beam  system  consists  of  an  aluminum  plate  irradiated  by  a  set 
of  UV  lamps.  The  photoelectrons  driven  off  the  plate  by  the  UV  are  accelerated 
by  a  series  of  grids  between  the  plate  and  the  detector  to  be  calibrated.  The 
instrument  to  be  calibrated  is  mounted  on  a  fixture  such  that  the  look  direction 
of  the  detector  can  be  positioned  at  any  angle  desired  relative  to  the  beam. 

The  system  produced  a  homogeneous  beam  of  electrons  with  an  ~18  inch  radius. 

The  energy  of  the  beam  is  turnable  in  energy  from  approximately  30  volts  to 
35000  volts.  The  entire  system  is  contained  within  a  set  of  Hemholz  coils  used 
to  cancel  out  the  earth's  magnetic  field. 

The  calibration  system  is  computer  controlled  such  that  it  automatically 
sequences  through  a  two  dimensional  array  of  angles  relative  to  the  detector 
aperture  for  any  fixed  energy  of  the  incident  beam.  The  counts  accumulated  as 
the  detector  dwells  at  each  angular  position  are  stored  in  core  and  recorded  onto 
magnetic  tape.  The  current  density  in  the  beam  is  determined  using  a  Faraday 
cup  that  is  shifted  into  the  beam  at  the  beginning  of  each  angular  scan.  The 
counts  observed  over  a  typical  angular  scan  are  shown  in  Figure  7. 

At  the  end  of  each  scan  the  computer  calculates  the  energy  dependent  geometric 
factor,  G(E).  By  determining  G(E)  at  a  series  of  energies  one  can  approximate 
the  response  curve  for  each  fixed  voltage  on  the  plates.  The  response  curve 
allows  one  to  determine  the  channel  pass  band,  aE,  and  by  integrating  over  the 
response  curve  one  can  calculate  the  energy  independent  geometric  factor  G. 

G  is  defined  such  that 

j(E)  ■  C/  A  T 

G  (1) 

where  j(E)  is  the  differential  flux  (electrons/cm^-sec  ster.-eV)  In  the  channel 
with  central  energy  E,  C  Is  the  count  observed  in  that  channel,  aT,  Is  the 
accunulation  interval  for  these  counts.  G  is  given  in  units  of  cm?-ster.-eV. 


In  the  Rice  calibration  the  SSJ/3  detectors  for  the  F-4  and  F-5  satellites  were 


mounted  in  the  chamber  together,  with  the  Faraday  cup  in  between  the  two  detectors. 
Approximately  two  hundred  angular  scans  were  made  to  map  the  response  curves, 
for  the  sixteen  channels.  In  Figure  8a  and  8b  we  show  the  representative  response 
curves.  Each  plot  contains  the  response  curves  from  both  detectors. 

There  are  several  points  of  note  in  reference  to  these  curves.  In  the 
following  we  will  refer  to  detectors  4  and  5  depending  on  whether  we  are  consi¬ 
dering  the  detector  for  the  F-4  or  F-5  satellites  respectively.  One  notes  that 
for  channel  8  the  results  from  the  two  detectors  are  in  excellent  agreement. 

The  central  energies  agree  to  within  li  and  the  peak  values  of  6(E)  to  with¬ 
in  61.  The  shapes  of  the  response  curves  are  almost  identical.  For  channel 
9  the  agreement  is  not  quite  as  good.  In  this  case  the  peak  values  of  G(E) 
differ  by  approximately  1 51  (4.5  x  10-^  for  detector  4  as  opposed  to  3.8  >  10-* 
for  detector  5)  and  the  width  of  the  response  curves  also  differ  (  a  E/E  of 
.10  as  opposed  to  .131  for  detector  4  and  5  respectively).  The  reason  for  the 
difference  is  at  present  not  understood. 

The  angular  resolution  of  the  detectors  was  determined  by  looking  at  the 
response  of  channels  8  and  9  at  approximately  their  central  energies  in  directions 
perpendicular  and  parallel  to  the  two  cylindrical  plates  of  the  analyzer.  The  two 
angles  a  and  0  are  shown  in  Figure  9  and  the  response  curves  for  variations 
in  both  angles  are  shown  in  Figure  10  through  11.  In  the  figures  the  response 
has  been  normalized  to  the  counts  observed  where  a  •  B  *0.  Aa  and  A0 
are  defined  as  the  full  width  at  half  maximlm  of  the  angular  response.  The 
values  for  Aa  and  ab  for  the  two  detectors  are 
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The  two  detectors  are  In  close  agreement  except  for  as  in  Channel  8  where  the 
Un  detectors  differ  by  approximately  15X. 

For  channels  1  through  8  the  calibration  gave  excellent  results.  We  have 
listed  in  Table  1  the  peak  energy,  the  full  width  at  half  maximum,  the  peak 
value  of  G (L )  and  the  integrated  energy  independent  geometric  factor  for  each 
channel.  The  peak  value  of  G(L )  decreases  with  increasing  energies  from  a 
value  of  approximately  1.1  x  10*3  at  1  KeV  to  ~8  x  10*4  at  20  KeV.  This 
arises  from  a  decrease  in  channeltron  efficiency  with  Increasing  energy. 

It  is  Important  to  compare  the  observed  decrease  in  channeltron  efficiency 
to  that  predicted  from  the  work  of  Archuleta  and  DeForest  (1971).  They  maintain 
that  the  efficiency  of  a  channel  electron  multiplier  between  1  KeV  and  50  MeV 
has  a  functional  form 
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where  E  is  expressed  in  KeV.  We  have  found  the  shape  of  the  response  curve  to 
remain  the  same  for  all  the  channels  above  1  KeV.  The  decrease  in  the  peak 
value  we  attribute,  therefore,  exclusively  to  a  change  in  channeltron  efficiency 


We  assune  the  efficiency  in  channel  8  is  unity  and  have  taken  the  ratio  of  the 
peak  value  of  G(E)  in  preceeding  channels  to  the  peak  value  of  G(E)  in  channel  8 
to  give  the  efficiency.  In  Table  2  we  have  listed  the  efficiencies  determined  in 
this  manner  together  with  the  values  predicted  from  equation  2.  One  notes  that 
in  the  energy  range  from  2  KeV  to  10  KeV  the  efficiencies  derived  in  this  manner 
are  between  10X  and  201  higher  than  those  predicted  while  they  are  in  substantial 
agreement  outside  this  range. 

For  the  four  channels  9-16  the  calibration  also  yielded  consistent  results. 

The  peak  value  for  G(E)  is  these  channels  is  3.8  x  10“*  and  4.5  x  10”*  respectively 
for  detector  4  and  5  and  the  value  of  aE/E  Is  constant  as  cited  previously. 

The  one  exception  is  channel  11  for  detector  4.  For  this  case  the  line  shape  was 
maintained  but  the  peak  value  of  G(E)  was  5.28  x  10**. 

We  attribute  the  the  anomalously  high  value  to  small  inhomogenities  in  the 
calibrating  beam.  As  we  pointed  out  before  the  beam  is  produced  by  il ltxninating 
an  alt minor  plate  w>th  a  set  of  UV  lamps.  The  i  1 1  urination  is  not  perfectly 
uniform  leading  to  small  inhomogeneities  in  the  beam  Intensity.  As  the  beam 
energy  is  decreased  the  radius  of  curvature  for  electrons,  in  whatever  residual 
field  that  remains  within  the  Helmholz  coils,  decreases  shifting  the  orientation 
of  the  beam  slightly.  For  the  calibration  of  a  specific  channel  such  a  shift  can 
place  one  of  these  small  inhomogeneities  at  the  entrance  aperture  of  one  of  the 
detectors.  If  the  beam  is  more  intense  in  the  small  region  this  can  lead  to  an 
erroneously  high  value  of  G(E)  as  was  observed.  We  believe  this  to  be  the 
explanation  for  the  results  for  channel  11  and  have  assigned  it,  therefore,  the 
same  peak  G(E)  as  the  surrounding  channels. 
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For  channels  13  through  16  difficulties  were  encountered  in  adjusting  the 
Helmholz  coils  to  correct  for  the  earth's  magnetic  field  and  in  maintaining  a 
uniform  mono  directional  beam.  Reasonable  nunbers  were  determined  for  central 
energy  of  each  channel  but  the  peak  value  of  G(E)  and  a  E/E  were  assured  to  be 
the  same  as  for  the  four  higher  energy  channels.  For  channels  13  through  15  the 
channeltron  efficiency  should  be  unity.  For  channel  16  the  efficiency  was 
calculated  from  the  equation 

Ee  -  .10E0^15(e  In  eV)  (3) 

from  the  work  of  Archuleta  and  DeForest  (1971).  All  the  calibration  numbers 
are  listed  in  Table  1. 

In  Figures  12-17  we  show  the  normalized  curves  for  channels  1-8  and  9-12  for 
detectors  4  and  5.  The  curves  were  calculated  by  normalizing  the  measurements  of 
G(E)  observed  in  a  given  channel  to  the  peak  value  G0(E)  observed  in  that  channel 
and  by  normalizing  the  energy,  E,  at  which  each  measurement  was  made  to  the 
central  energy  of  the  channel  E0.  The  geometric  factors  obtained  for  F2  and 
F3  by  Huber  et  al . ,  (1977)  using  Monte  Carlo  techniques  are  compared  to  those  for 
F3  and  F4  in  Table  3.  In  general  the  overall  agreement  is  between  10X  and  20X. 
For  channels  1-8  the  values  for  the  beam  calibration  are  10  to  20X  lower  than 
those  from  the  previous  calibration.  For  channels  9  through  16  the  beam 
calibration  gives  numbers  10  to  20X  higher  than  from  the  work  of  Huber  et  al.. 
(1977).  We  attribute  the  difference  to  instrumental  uncertainties  between  the 
t **>  calibration  systems.  We  believe,  however,  that  the  beam  calibration  at  Rice 
University  provides  basically  more  accurate  nunbers  and  should  be  used  in  future 
processing. 
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TABLE  3 
SG(E)dE 


CHANNEL 

#4 

#5 

12  A  #3 

1 

7.98x10-1 

8.53x10-1 

1.05 

2 

6.35x10-1 

6.99x10-1 

7.66x10-1 

3 

4.83x10-1 

5.22x10-1 

5.59x10-1 

4 

3.61x10*1 

3.88x10*1 

4.00x10-1 

5 

2.71x10-1 

2.94x10*1 

3.25x10-1 

6 

1.98x10-1 

2.47x10-1 

2.47x10-1 

7 

1.46x10-1 

1.54x10-1 

1.94x10-1 

8 

1.08x10-1 

1.10x10-1 

1.36x10-1 

9 

4.83x10-2 

4.64x10-2 

4.49x10-2 

10 

3.28xl0-2 

3.06x10-2 

2.84x10-2 

11 

2.05x10*2 

1.94x10-2 

1.86x10-2 

12 

1.33x10*2 

1.26x10*2 

1.13x10-2 

13 

8. 74x10-3 

8.10x10*3 

7.86x10-3 

14 

5.70x10-3 

5.60x10-3 

3.31x10-3 

15 

3.65x10*3 

3.42x10*3 

3.31x10-3 

16 

1.76x10-3 

1.67x10-3 

1.67x10-3 
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3.  Data  Reduction  of  SSJ/3  on  DHSP-F2  as  performed  at  AFGl. 


The  precipitating  electron  data  from  0NSP-F2  are  displayed  as  shown 
in  Figure  18.  The  data  is  taken  from  a  south  pole  pass  on  July  2,  1978. 

For  each  satellite  pass  the  following  are  plotted  as  a  function  of  universal 


time: 


a)  The  total  nunber  flux  or  integral  flux,  JTOT. 


JTOT  •  I  j(EQEi»i-Ej.i 
1  2 


where  j(E^)  is  the  differential  flux  for  each  energy  channel  with 
central  energy  Ej.  The  differential  flux  is  calculated  from  the  count 


rate  by  the  equation. 


JU,)* 


with  Ci,  the  counts  in  the  accunulation  interval  &T,  G (E i ) .  the 
energy  dependent  geometric  factror  and  aE^,  the  channel  width.  The 
total  nunber  flux  is  measured  in  particles/(cm2.ster.sec. ) ; 

b)  The  integral  energy  flux  JETOT 

JETOT  -  Z  Eu(Ei)  (  Ejti  -  Ej.i_) 

1  2  ( 

and  is  measured  in  KeV/(cm^.ster.sec. ); 

c)  The  average  energy,  EAV. 

EAV  -  JETOT  < 

“JTOT 

The  energy  is  in  KeV,  and  the  scale  for  the  average  energy  is  linear. 

The  universal  time  Is  given  in  seconds  with  an  interval  of  one 
minute  between  tick  marks.  At  two  minute  intervals  ephemeris  data  Is 
given.  The  values  given  are  the  geographic  coordinates  of  the  satellite, 
the  corrected  geomagnetic  coordinates  of  the  satellite  projected  along 
the  magnetic  field  line  to  100  km,  and  the  magnetic  local  time. 


The  satellite  pass  in  Figure  18  is  not  to  be  taken  as  representative. 
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It  Is,  If  anything,  too  clean;  but  as  such  Is  useful  for  discussion  of 
various  features  of  the  data.  The  vertical  lines  are  the  best  estimates, 
from  changes  In  the  nunber  flux  and  the  energy  flux,  of  the  auroral 
boundaries,  both  equatorward  and  poleward.  Equatorward  of  both  equatorward 
boundaries  (morning  and  evening)  are  regions  In  which  the  energy  flux  and 
the  average  energy  are  Inflated.  A  lesser  Inflation  of  the  nunber  flux 
occurs.  These  Increases  are  produced  by  high  energy  particles  from  the 
Inner  radiation  belts  that  penetrate  through  the  detector  casing  stimulating 
the  splraltron  directly  and  giving  spurious  counts.  For  moderate  and  low 
magnetic  activities  there  Is  usually  a  well-defined  gap  between  oval  data 
and  Inner  radiation  belt  data  making  It  easy  to  Identify  and  disregard 
the  latter.  At  higher  activities  the  oval  moves  equatorward  and  the 
two  regions  can  overlap.  In  these  cases  care  must  be  taken  to  differentiate 
the  two  populations. 

For  the  case  shown  In  Figure  18  the  boundaries  have  the  sharpest 
changes  In  the  energy  flux.  However,  many  times  a  more  gradual  transition 
from  background  In  both  nunber  and  energy  fluxes  Is  the  case.  An  example, 
although  not  a  troublesome  one,  occurs  on  the  equatorward  morning  edge  In 
the  nunber  flux.  Fortunately,  the  energy  flux  transition  Is  considerably 
sharper. 

We  have  found  that  for  cases  such  that  shown  In  Figure  18,  the  oval 
boundaries  we  choose  from  sharp  changes  In  the  fluxes  correspond  closely 
to  the  positions  where  the  nunber  flux  rises  and  remains  for  at  least  a 
short  period  of  time  above  the  107  level.  In  the  case  shown  the  boundaries 
determined  by  both  methods  are  Identical  (as  shown  by  the  horizontal  line 
at  the  107  level).  In  Section  4  we  will  look  at  the  feasibility  of  using 
the  107  level  In  the  nunber  flux  as  a  way  of  standardizing  the  definition 


A 


of  auroral  boundaries 


As  pointed  out  in  Section  1  dawn-to-dusk  coverage  of  the  auroral 
regions,  and  the  caps,  is  obtainable  only  for  DMSP-F2  in  the  first 
11  hours  of  UT.  After  this  time  the  north  pole  subsatellite 
track  lies  below  80s  often  remaining  in  the  midnight  sector  throughout. 

Figure  19  shows  a  north  pole  pass  later  on  July  2,1978.  The  equatorward 
boundaries  are  clear  and  are  marked.  Poleward,  however, there  is  continuity 
in  all  quantities  from  morning  to  evening  making  it  unclear  where  the 
satellite  enters  the  polar  cap,  if  at  all.  Figure  20  shows  a  south 
pole  pass  at  approximately  13:30  UT.  The  subsatellite  track  passes  through 
the  midday  region  near  the  cusp,  and  again,  never  clearly  enters  the 
polar  cap.  The  equatorward  boundaries,  as  determined  by  the  criterion 
JT0T>107,  are  designated.  There  Is  sane  structure  equatorward  of 
these  boundaries,  particularly  on  the  evening  side  that  is  not  associated  with 
spurious  counts  from  Inner  radiation  belt  particles.  The  south  pole 
pass,  one  pass  later,  is  shown  in  Figure  21.  Here  the  the  subsatellite 
track  passing  below  the  cusp  misses  the  oval  entirely. 

In  Figures  22-24  we  demonstrate  the  total  information  capacity 
of  0MSP-F2  in  dealing  with  the  auroral  regions.  Figure  22  shows  the 
DHSP  image  from  January  3,  1978  at  around  15  UT  grldded  in  corrected 
geomagnetic  coordinates.  Figure  23  is  the  corresponding  precipitating 
electron  data  in  the  form  we  have  discussed.  Figure  24  shows  ten 
differential  energy  spectra  for  ten  successive  seconds  showing  the 
transition  from  the  most  equatorward  discrete  arc  In  the  evening  to 
the  evening  diffuse  aurora.  A  display  of  spectra  such  as  this  Is 
available  for  any  ten  second  Interval  throughout  the  high  latitude 


pass 
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4.  Examination  of  Data  from  Four  Passes. 

In  the  following  the  precipitating  electron  data  for  four  passes 
(successive  north-south  pole  passes  during  an  active  time  and  successive 
north-south  pole  passes  during  a  quiet  time)  in  the  format  discussed 
above  are  examined.  We  are  particularly  Interested  In  determining  oval 
(and.  therefore,  cap)  boundaries  In  a  consistent  way  from  the  data. 

From  an  examination  of  two  months  of  data  It  appeared  that  choosing  the 
position  where  the  total  nunber  flux  first  rose  and  then  fell  from  10? 
parti cl es/ster.cm^. sec.  was  a  good  definition  of  the  equatorward  and 
polar  boundaries.  Therefore,  the  primary  focus  of  the  discussion  of 
the  four  passes  will  be  boundary  determination  and  the  problems  Involved 
In  this  process.  Other  points  of  Interest  will  be  mentioned  as  well. 

The  precipitating  electron  data  are  given  In  Flgues  25-28. 

A.  North  Pole  Active:  February  28,  1978;  Kp  -  5*  (Figure  25). 

1.  Evening  Equatorward 

The  equatorward  boundary  Is  placed  at  63.0°  (magnetic  latitude). 

The  JTOT  ■  10^  boundary  is  Identical  to  the  best 
choice  of  where  JTOT  rises  out  of  background.  The  rise  Is  fairly 
steep. 

For  JETOT  and  E^y  the  expanded  oval  values  begin  to 
overlap  the  spurious  counts  from  the  inner  radiation  belt,  obscuring 
the  equatorward  boundary. 

EAV  rises  from  background  levels  approximately 
1*  higher  than  the  equatorward  boundary,  or  at  64°.  This  Is  also 
the  approximate  place  where  JETOT  >  10®:  a  mlnlmun  value  for 
auroral  forms  to  be  seen  In  DMSP  Images.  The  rise  In  average  energy 
above  64°  Is  very  steep. 


11.  Evening  Poleward 
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The  poleward  boundary  is  placed  at  73.9°. 

Again  the  JTOT  ■  107  boundary  and  the  best  choice  of  all 
parameters  falling  back  to  background  levels  are  identical.  In  this 
case,  the  last  visible  arc  on  DMSP  (where  JE  TOT  >  108)  and  the  poleward 
boundary  are  nearly  coincident. 

iii.  Horning  Equatorward 

The  morning  equatorward  boundary  using  the  JTOT  -  107 
criterion  is  55.8°.  This  is,  as  well,  the  position  for  the  JTOT  and  JETOT 
r.se  from  background.  However,  the  rise  Is  very  slow;  and  even  though 
the  rise  is  associated  with  a  rise  in  average  energy  this  boundary  is 
nearly  10°  lower  than  the  boundary  at  which  JETOT  is  above  the  threshold 
for  visible  auroras.  (JETOT  >  108  occurs  at  65°).  That  the  slow 
rise  might  be  due  to  spurious  counts  due  to  penetrating  particles  is 
rejected  since  the  modulation  in  the  average  energy  is  not  characteristic 
of  that  for  spurious  counts.  Since  the  selection  of  the  boundary  is  so 
dependent  on  the  criterion  used  some  ambiguity  remains  for  cases  such  as 
these. 

1v.  Horning  Poleward 

The  morning  poleward  boundary  cannot  be  assuredly  determined 
because  of  the  data  gap  (caused  by  the  tranmlssion  of  data  to  ground). 

It  appears,  however,  that  the  gap  lies  just  poleward  of  the  position 
where  JETOT  and  JTOT  fall  to  background. 

Characteristic  of  morning  poleward  electron  fluxes  is 
high  variability  In  JTOT  and  JETOT,  while  the  equatorward  values  are 
more  uniformly  increasing,  suggestive  of  two  distinct  types  of  electron 
population  that  are  contiguous.  If  two  such  populations  also  exist  on 
the  evening  side  they  would  have  to  be  superposed  to  a  much  greater 


extent  than  in  the  morning  to  give  the  observing  variations  in  the 
fluxes  there.  The  variable  morning  population  has,  in  this  case, 
considerably  lower  average  energy  than  the  more  uniform  equatorward 
population. 

Typically  the  peak  average  energy  in  the  morning  is 
greater  than  that  in  the  evening  although  for  this  case  the  difference 
is  not  great. 

B.  South  Pole  Active:  February  28,  1978;  Kp  «  4+  (Figure  26). 

This  is  the  pass  following  the  north  pole  pass  discussed 

above. 

1.  Evening  Equatorward. 

The  equatorward  boundary  is  placed  at  -61.9°  using  the 
criterion  that  JTOT  >  10?.  This  choice  gives  a  value  somewhat 
higher  than  the  position  of  JTOT  rising  out  of  background.  However, 
it  appears  from  the  average  energy  values  equatorward  of  this  boundary 
that  the  small  rise  in  nunber  flux  may  be  caused  by  the  spurious 
counts.  In  any  case  the  107  method  places  the  boundary  at  the 
sharpest  change  In  ninber  and  energy  fluxes  and  is  near  the  position 
at  which  JETOT  -  10®  (on  the  position  of  near-visible  aurora).  As 
In  the  north  pole  active  case,  the  strong  rise  in  average  energy 
occurs  considerably  poleward  of  this  boundary. 

11.  Evening  Poleward 

The  evening  poleward  boundary  is  placed  at  -74.9°  Sharp 
discontinuities  in  all  quantities  as  well  as  the  JTOT  -  107  position 
occur  at  this  value. 

There  are  variations  in  the  nvnber  flux  across  the  cap  which 
rise  briefly  to  values  as  much  as  107,  which  were  they  stronger 
could  cause  ambiguity  in  determing  a  poleward  boundary. 


111.  Horning  Equatorward 


As  in  the  north  pole  active  case  the  morning  equatorward 
boundary  presents  two  choices,  quite  different  and  made  more  problematic 
by  the  spurious  counts  which  occur  in  the  region  where  the  nunber 
flux  is  rising  out  of  background.  The  JTOT  ■  107  boundary  is  at 
-58.5°  and  is  suspect  because  of  the  spurious  data.  Discontinuities 
in  the  energy  flux  and  the  average  energy  occur  at  -64.7  and  probably 
provide  the  more  reliable  estimate, 
iv.  Horning  Poleward 

The  morning  poleward  boundary  is  placed  at  -72.6.  The 
south  pole  boundary  is  clearer  than  the  corresponding  north  pole 
boundary,  the  background  fluxes  being  less  continous  into  the  cap 
than  seen  in  Figure  25.  Fluxes  greater  than  107  do  arise,  however, 
out  of  the  background  at  higher  latitudes.  If  we  required  all  fluctuations 
in  the  nunber  flux  to  remain  below  the  107  level,  the  morning  poleward 
boundary  would  be  placed  at  -79.6°. 

Some  comments  on  the  active  cases. 

The  polar  caps  are  quite  evident  in  the  two  active  cases 

discussed  here.  The  polar  cap  fluxes  in  the  north  pole  show  a  smooth 

variation  from  ~  4.10^  particles  in  the  morning  to  ..  4.10^  particles 

ster  cm?  sec  ster  cm?  sec 

in  the  evening.  In  the  south  pole  the  fluxes  vary  in  the  opposite 

sense,  a  phenomenon  discussed  by  Heng  (1977)  and  related  by  him  to 

the  y-component  of  the  Interplanetary  magnetic  field.  According 

to  Heng  the  flux  gradient  shown  here  would  Indicate  a  positive  y-component 

in  the  IHF.  The  provisional  indices  for  February,  1978  show  an  away 

sector  at  this  time  (Lincoln,  1978b)  which  normally  occur  with  positive 

By.  The  south  pole  fluxes  are  more  variarble  than  those  in  the 
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north  pole  but  range  from  106  -  107  particles/ ster  cm?  sec,  more 
than  double  the  north  pole  range. 

The  equatorward  background  levels  in  the  south  pole  are  lower 
than  in  the  north  pole  as  would  be  expected  if  the  electron  population 
producing  this  background  level  is  primarily  photoelectrons  in 
this  region.  The  south  pole  Is  in  daylight  and  produces  more 
photoelectrons  than  the  north  pole.  These  low  energy  electrons 
travel  up  the  field  line  and  precipitate  in  the  conjugate  hemisphere 
and  are  detected  by  the  J-sensors. 

The  evening  boundaries  are  much  sharper  than  the  morning 
boundaries,  there  being  strong  discontinuities  in  the  fluxes  there. 

The  general  trend  of  the  total  fluxes  in  the  morning  oval  is  much 
more  continuous  for  both  boundaries  and  more  slowly  varying. 

C.  North  Pole  Quiet:  January  21,  1978,  Kp  ■  0.  (Figure  27). 

The  boundaries  determined  by  the  107  limit  in  particle  flux 
background  levels  (Ignoring  polar  scatter  and  the  equatorward  spur 
on  the  evening  side)  are: 

Equatorward  Poleward 

Horning  70.5°  84.3° 

Evening  72.1°  82.7° 

It  is  apparent,  however,  that  the  assignment  of  ,-'leward  boundaries 
has  very  little  meaning:  the  variations  In  both  the  number  and 
the  energy  flux  are  completely  continuous  ,  i.e.  bowl-shaped 
across  the  cap.  The  morning  poleward  signature  discussed  for 
the  active  cases,  i.e.  considerable  variability  In  fluxes  poleward 
of  smooth  fluxes,  is  present  here,  both  on  the  morning  and  evening 
sides  of  the  oval. 


There  is  a  small  spur  of  high  energy  particles  equatorward  of  the  10? 
boundary  on  the  evening  side.  It  is  clear  that  whatever  leads  to  a 
sharp  differentiation  between  the  cap  and  oval  in  active  times  is 
absent  for  the  quiet  time  shown  here.  If  asymmetric  convection  is  the 
cause  of  particle  gradients  in  the  cap  as  suggested  by  Meng  (1977) 
they  may  be  considerably  lessened  or  less  asymmetric  in  quiet  times. 
(Provisional  data  of  Lincoln,  1978a,  shows  the  IMF  to  be  in  an  away 
sector  here  as  well). 

The  average  energies  *re  considerably  reduced  for  quiet  times.  The 
peak  average  energy  in  the  morning  is  greater  than  that  in  the  evening. 

The  minimum  number  flux  In  the  cap  is  -  4.1 0^  particles 

ster  cm?  sec 

D.  South  Pole  Quiet:  January  21,  1978,  Kp  •  0.  (Figure  28) 

The  south  polar  cap  is  more  clearly  defined  than  the  north  polar 
cap,  being  a  region  of  comparatively  low,  uniform  flux.  The 
flux  in  the  cap,  however,  is  higher  than  that  in  the  north  pole,  reaching 
values  of  107  particles/ster  cm?  sec.  If  slightly  higher,  such 
fluxes  would  preclude  use  of  the  107/level.  Nevertheless,  we  continue 
to  use  it  here.  The  107  boundaries  are 

tquatorward  Poleward 


Morning  -70.9°  -86.6° 

Evening  -71.2°  -85.4° 

There  Is  an  Interesting  spur-like  feature  below  the  evening  equatorward 
boundary  which  remains  for  several  passes,  exceeding  the  107  level  In 
JTOT.  In  this  case  the  spur  is  not  a  problem  and,  in  general,  such 
problems  can  be  avoided  if  we  require  flux  levels  to  reach  and  stay 
at  or  above  107.  The  evening  oval  for  this  very  quiet  time  has 
almost  no  modulation  in  the  average  energy. 
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For  both  quiet  time  cases  the  total  energy  flux  is  below  the  needed 
threshhold  to  produce  arcs  detectable  by  DMSP.  Despite  this  fact,  the 
electron  precipitation  reveals  a  fairly  well-defined  oval  and  cap 
structure:  at  least  as  well-defined  as  for  active  times,  although  the 
problems  of  definition  are  somewhat  different. 

In  Figure  29  we  compare  the  oval  boundaries  for  the  four  cases.  The 
heavy  lines  are  the  boundaries  determined  by  the  107  criterion.  The 
dashed  lines  indicates  other  determinations  of  the  boundaries  as  discussed 
in  the  text.  The  shaded  area  denotes  the  variation  in  boundary  definition. 
Two  points  stand  out: 

a)  the  boundaries  are  highly  variable. 

b)  There  are  fewer  discrepancies  (none  here)  in  determining  both 
the  evening  boundaries.  Both  poleward  and  equatorward  boundaries  in 

the  morning  side  are  difficult  to  determine  in  a  consistent  way  Independent 
of  magnetic  activity. 

In  addition  to  the  problems  in  determining  auroral  boundaries  we 
find  the  cases  discussed  here  representative  of  much  of  the  data  we 
have  surveyed  in  the  following  ways: 

a)  The  morning  oval  is  wider  than  the  evening  oval. 

b)  The  fluxes,  number  and  energy,  in  the  morning  oval  seem  to  be 
composed  of  \.wo  contiguous  parts:  a  smoothly  varying  equatorward  region 
with  small  fluxtuations;  a  highly  varying  poleward  part.  The  morning 
oval  always  has  this  composition.  At  time  the  evening  oval  can  have  a 
similar  composition,  but  it  more  typically  appears  to  be  similar  to 

the  equatorward  region  in  the  morning  with  somewhat  greater  fluctuations 
and  sharper  boundaries.  An  alternative  description  Is  a  single  region 
that  M>uld  result  if  the  two  morning  regions  were  superimposed. 


* 
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c)  The  polar  cap  fluxes  are  here  remarkably  smooth  and 

low  between  2.10*  and  2.10*  particles/ster  cm2sec.  The  low  number  count 
rates  are  reflected  In  the  large  statistical  scatter  in  the  average 
energy. 

d)  The  average  energy  has  more  gradual  transitions  inside  the 
oval  than  the  fluxes. 

e)  The  peak  average  energy  is  generally  higher  in  the  morning 
than  the  evening. 

f)  The  equatorward  oval  boundaries  are  reasonably  symmetrical 
dawn  to  dusk. 

The  poleward  oval  boundaries  are  highly  asymmetric  as  a 
result  of  the  larger  morning  oval.  The  morning  poleward  boundary 
often  reaches  values  >80°  magnetic  latitude. 

From  this  lengthy  analysis  of  four  passes  several  questions 
suggest  themselves  regarding  the  use  of  this  data  to  monitor  real  time 
magnetospheric  and  solar  wind  conditions. 

1.  If  we  wish  to  have  a  real  time  indicator  of  auroral  activity 

by  making  use  of  equatorward  boundaries  In  electron  particle  precipitation 
should  we  confine  that  determination  to  the  more  well-bahaved  evening 
sector? 

2.  Is  there  a  better  indicator  of  auroral  activity  than  oval 
boundaries;  perhaps,  the  peak  in  the  average  energy? 

3.  Can  the  difference  in  polar  fluxes  be  used  to  determine  IMF 
sectors.  If  so,  can  it  be  made  quantitative  as  well? 

4.  Is  there  a  near  constant  particle  flux  into  the  polar  regions 


Irrespective  of  magnetic  activity?  The  evening  oval  size  as  shown 
in  Figure  29  remains  remarkably  the  same  for  the  wide  span  in  activity. 
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Figure  6: 
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The  DMSP-F2  satellite  paths  over  the  North  polar  regions 
for  given  universal  times;  plotted  In  corrected 
geomagnetic  latitude  and  magnetic  local  time.  (Data  taken 
from  February,  1978  passes). 

Same  as  Figure  1,  but  for  South  polar  regions. 

The  seasonal  dependence  of  the  DHSP-F2  satellite  path 
between  06-07  UT  over  the  North  polar  region;  plotted  In 
corrected  geomagnetic  latitude  and  magnetic  local  time. 

The  days  for  which  the  data  are  taken  are  shown  In  the 
legend. 

A  representation  (the  double-dashed  line)  of  the  quiet 
time  auroral  oval:  a  circle  offset  from  the  geomagnetic 
pole  4°  toward  midnight  and  of  radius  20°;  superposed  on 
the  North  polar  satellite  paths  of  DMSP-F2  plotted  In 
corrected  geomagnetic  latitude  and  magnetic  local  time, 
as  shown  In  Figure  1. 

The  universal  time  variation  In  the  morning  equatorward 
auroral  boundary  that  would  be  measured  by  DMSP-F2  If  the 
equatorward  oval  boundary  were  a  circle  offset  from  the 
geomagnetic  pole  4°  toward  midnight  and  of  radius  20°. 

The  connected  dots  show  variations  for  the  North  pole 
equatorward  boundary;  the  triangles  for  the  South  pole. 

Same  as  Figure  5,  but  for  evening  equatorward  boundaries. 

The  angular  response  of  detector  4  In  channel  8  to  a  beam 
with  an  energy  of  985  eV.  The  angles  a  and  8  are 
measured  In  two  orthogonal  directions  relative  to  the  normal 
to  the  detector  aperture. 

The  energy  dependent  geometric  factor,  G(E),  plotted  as  a 
function  of  energy  for  channel  8  of  detectors  4  and  5. 

The  energy  dependent  geometric  factor,  G(E),  plotted  as  a 
function  of  energy  for  channel  9  of  detectors  4  and  5. 

Details  of  the  configuration  of  the  apertures  and  curved 
plated  of  the  analyzer  showing  the  angles  a  and  0  . 

Angular  response  of  detectors  4  and  5  on  channel  8.  For 
0  the  curve  Is  the  response  along  the  axis  where  a  •  0 
and  Is  normalized  to  the  counts  observed  when  a  ■  0  ■  0. 
Similarly  for  a  the  curve  Is  the  response  along  the  axis 
where  0-0  and  Is  normalized  to  the  counts  observed  when 
a  *  0  •  0. 
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Figure  12: 

Figure  13: 
Figure  14: 

Figure  15: 
Figure  16: 
Figure  17: 
Figure  18: 


Figure  19: 

Figure  20: 


Figure  21 : 


The  same  as  Figure  10  but  for  channel  9  of  detectors 
4  and  5. 

The  energy  dependent  geometric  factor,  G(E)  normalized 
to  the  peak  geometric  factor  GoUo)  Ploted  *s  *  function 
of  energy  normalized  to  the  channels  central  energy, 

Eq.  The  figure  shows  the  data  from  channels  9  through 
12  for  detector  5. 

Same  as  Figure  12  but  for  detector  4. 

Normalized  curves  of  the  energy  dependent  geometric 
factor  as  in  Figure  12  for  channels  1  through  4  of 
detector  4. 

Same  as  Figure  14  but  for  channels  5  through  8  of 
detector  4. 

Same  as  Figure  14  but  for  channels  1  through  4  of 
detector  5. 

Same  as  Figure  14  but  for  channels  5  through  8  of 
detector  5. 

The  format  In  which  the  DMSP-F2  precipitating 
electron  data  is  processed.  The  first  panel  gives 
the  average  energy  in  keV  (the  scale  is  linear); 
the  second  panel  gives  the  Intergral  energy  flux, 

JETOT,  in  keV/cm^ster.sec. ) ,  the  third  pane?  gives 
the  total  nun ber  flux,  JTOT  in  electrons/ (cm2 ster. sec.). 
These  values  are  plotted  against  the  following: 
universal  time,  geographic  coordinates  of  the 
satellite,  corrected  geomagnetic  coordinates  of  the 
satellite  projected  along  the  magnetic  field  line 
to  100  km,  and  the  magnetic  local  time.  The 
data  is  taken  on  July  2,  1978.  The  vertical  lines 
indicate  equatorward  and  poleward  oval  boundaries, 
as  determined  from  changes  in  the  nunber  and  energy 
fluxes. 

Same  as  Figure  18,  but  for  a  later  UT  in  which  the 
satellite  path  does  not  enter  the  North  polar 
cap,  but  passes  through  the  midnight  oval. 

Same  as  Figure  18,  but  for  a  later  UT  in  which  the 
satellite  path  does  not  enter  the  South  polar 
cap,  but  passes  through  the  midday  oval,  or  the  cusp 
region. 

Same  as  Figure  20,  but  for  a  later  UT  in  which  the 
satellite  path  is  always  equatorward  of  the  midday 
oval. 
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Figure  22: 
Figure  23: 

Figure  24: 

Figure  25: 

Figure  26: 
Figure  27: 
Figure  28: 
Figure  29: 


The  DHSP-F2  Image  for  January  3,  1978,  near  15  UT  grldded  In 
corrected  geomagnetic  coordinates. 

The  precipitating  electron  data  for  the  DMSP-F2  pass  on 
January  3,  1978,  near  15  UT,  whose  auroral  Image  Is 
shown  In  Figure  22.  The  format  Is  the  same  as  that  for 
Figure  18. 

Ten  differential  energy  spectra  for  ten  successive  seconds 
of  DMSP-F2  precipitating  electron  data  taken  on  January  3, 
1978  at  15-18-5  to  15-18-14  UT. 

0HSP-F2  precipitating  electron  data  for  a  North  polar 
pass  during  high  magnetic  activity.  Equatorward 
and  poleward  oval  boundaries  are  marked  by  vertical  lines. 
See  text  for  a  discussion  of  the  methods  used  for 
boundary  determination. 

Same  as  Figure  25,  but  for  a  South  polar  pass  during  high 
magnetic  activity. 

Same  as  Figure  25,  but  for  a  North  polar  pass  during  low 
magnetic  activity. 

Same  as  Figure  25,  but  for  a  South  polar  pass  during  low 
magnetic  activity. 

Summary  of  the  oval  size  for  active  and  quiet  magnetic 
conditions  as  determined  from  the  poleward  and  equatorward 
boundaries  In  Flgfure  25-28.  Cross-hatched  areas 
denote  the  range  over  which  the  boundary  Is  Indeterminate. 
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